To explaine the matter-antimatter asymmetry, a supersymmetric extention of the standard model is proposed where baryon and lepton numbers are local gauged(BLMSSM), and exotic superfields are introduced when gauge group is enlarged to
I. INTRODUCTION
As an effective theory, the Standard Model(SM) is considered to be the most successful theory of particle physics. Though the discovery of Higgs boson makes SM seems complete [1, 2] , it dose not provide candidate of dark mater. The explanation to hierarchy problem is another motivation for people to propose new physics beyond SM. By introducing the symmetry between fermions and bosons, supersymmetry(SUSY) solves the hierarchy problem naturally, and the Minimal Supersymmetric Standard Model(MSSM) is the simplest one [3] [4] [5] [6] . With R-parity preserved, the lightest superparticle (LSP) of the MSSM is a good dark matter candidate. Since the asymmetry of matter-antimatter causes baryon number break, an extension with baryon and lepton numbers local gauged is proposed with enlarged gauge group SU(3)
In this model, the baryon and the lepton numbers are local gauge symmetries spontaneously broken at the TeV scale [7] [8] [9] , there is not dangerous baryon number violating operators. The generation of the heavy majorana neutrinos can understand the tiny mass of the neutrinos by the seesaw mechanism [10] [11] [12] [13] [14] [15] [16] [17] . So BLMSSM is R-parity violating and can suppress the flavor violation in the quark and leptonic sectors [18] [19] [20] [21] . One adds new quarks with B=1, and new leptons with L=3, to cancel fermionic family anomalies. In addition, the model ignore the coupling constants with Landau poles near the weak scale and there is no flavor changing neutral currents at tree level, and hence one does not need "desert region". Futhermore, the model forbid proton decay [22] and ensure the stable dark matter candidate.
In this work, we study the masses of new particles in the framework of BLMSSM. As the gauge group is enlarged, many new parameters are introduced in this model. By extracting the mass matrices from superpotential and soft breaking terms, the masses can be expressed with model parameters. Therefor, it's necessary to constrain the parameters space with the lower limits suggested by LHC obsearvation. This paper has following structure. The BLMSSM model is introduced in Section 2, In section 3, we summarize the mass matrices. Section 4 shows the numerical analysis and discussions of parameter space. In section 5, the conclusion is given.
II. THE SUPERSYMMTRIC EXTENSION OF BLMSSM
When two new gauge symmetries are introduced, mean that baryon and lepton number are gauged, hence the local gauge group is extended to SU(3) 
, to cancel the B and L anomalies, respectively. To avoid having a stable exotic quarks the model
Meanwhile, to break L and B spontaneously with nonzero vacuum expectation values (VEVs) and to provide masses for the exotic leptons and exotic quarks, the BLMSSM add the exotic Higgs superfieldsφ L ,φ L andφ B ,φ B . In addition, using the right-handed neutrinos N C R , tiny masses related to neutrinos are acquired by see-saw mechanism.
The dark matter candidate corresponding to the lightest mass eigenstate, whenX and X ′ mix together. In terms of the BLMSSM, the superpotential is written as [26] 
with W M SSM denoting the superpotential of the MSSM. The superpotential of the baryon, lepton are denoted respectively [26] :
Correspondingly, the soft breaking terms of the MSSM are given as [26, 27] 
L breaks down to the electromagnetic symmetry U(1) e if the following conditions are satisfied [30] :
Here, the values of VEVs ν u , ν d , ν B ,ν B , ν L ,ν L are nonzero, we adopt the shortcut notations
III. THE MASS MATRICES FOR SOME NEW PARTICLES
From the soft breaking terms and superpotential of BLMSSM, we can extracted the mass matrices for following particles:
1. Two charged Higgs scalars denoted by H ± 1 , (i = 1, 2) introduced in MSSM are related to the initial Higgs fields by the rotation matrix Z H and that is defined as
2. The masses of four neutralinos χ 0 i , (i = 1, · · · 4) can be obtained by diagonalizing the mass matrices with the rotation matrix Z N as follow 
with
Using Z N B , one can diagonalize the mass matrix in Eq. (14) to obtain three lepton neutralino masses .
4. In BLMSSM, the mass squared matrix of the Down-squarks is different from that in MSSM, because of two exotic part
The unitary matrix Z D is used to rotate Down-squarks mass squared matrix to mass
we adopt the shortcut notations: c W = cos θ W , s W = sin θ W , with θ W denoting the Weinberg angle.
5. In BLMSSM, the mass squared matrix of the Up-squarks is different from that in MSSM, because of two exotic part
The unitary matrix Z U is used to rotate Up-squarks mass squared matrix to mass eigenstates.
And (M
6. Charginos mass matrix in BLMSSM is expressed as follow, and that existed in MSSM,
7. In BLMSSM, there are new exotic quarks b ′ ,
8. In BLMSSM, there are new exotic scalar particles X,
The Z X is defined as unitary matrix to rotate rotate superfield mass squared matrix to mass eigenstates. Meanwhile, the mass matrix satisfy the following relation
9. In the basist
The concrete forms for the exotic scalar quarks mass squared matrix are shown here,
IV. NUMERICAL RESULTS
As many supersymmetric extension, BLMSSM enlarged the gauge groups, and many parameters are introduced. The expression of mass matrices with these parameter are usually complicated. So it is difficult to obtain the possible parameter space with mass limits suggested by LHC observation. For example, v bt , tanβ B , g B simultaneously appear in baryon neutralinos, down-squarks and up-squarks mass matrix. In addition, the baryon neutralinos mass matrix only the first diagonal elements is nonzero, so it's hard to pick up the appropriate value of g B , v B ,v B through v bt , m Z B in the process of diagonalization, makesure nonzero mass value of particle and meet mass limit.
In this section, we give the contour plot of mass vary with model parameters. By scanning the parameter space, we calculate the mass matrices numerically, then diagonalize them to get the masses of different particles. In our numerical analysis, we adopt the following parameters in Table I . The mass matrix of the baryon neutralinos includes M B and µ B . µ B is a Non-diagonal element and M B is a diagonal element of this mass matrix. Therefore, the two parameters M B and µ B can affect the contributions for the particle mass in some ways. We assume the value of parameters are same as above in Table 1 . In Fig.1 , we show the contour for the mass of baryon neutralinos with respect to M B versus µ B . With the increase of M B and µ B , the mass value of the baryon neutralinos also increase. Here M B changes between 300 GeV and 3000 GeV and µ B changes between 500 GeV and 2100 GeV. λ Q and λ d are not only the diagonal elements of the exotic -1/3 quark mass matrix, but also constitute the mass matrix of exotic -1/3 squark. Here we consider the elements of λ Q and λ d , and suppose M B = 1100 GeV. After the numerical calculation, the contour plot of λ Q versus λ d about the mass of exotic +2/3 quark and exotic -1/3 quark is shown in Fig.3 .
The mass of these particles will get values less then 1000 GeV when decrease the value of λ Q and λ d . At this point, the exotic -1/3 quark and the exotic -1/3 squark is likely to be found in LHC. In the figure 4 , we plot the values of the µ X and B X that lead to the mass value of Superfields. We use
and tan β = 3 for these plots. Figure 4 implies that from 0 to 6000 GeV of B X and from 1000 to 6000 GeV of µ X , the mass values of superfields are all increasing functions of the enlarging µ X and the diminishing B X . Moreover, there exist the value space that less then 1000 GeV, so this particle is likely to be found in LHC. In addition, there has an large empty area, so we choose one point to analyze. After the numerical analysis, as B X = 5000 GeV, µ X = 2000 GeV, can lead to negative mass values of the superfields, so ones are unsuitable.
Compared with MSSM, V bt and µ B are new parameters that have relation with mass matrices of the exotic squarksb ′ andt ′ . Therefore, the effects to particles masses from V bt and µ B are of interest. In the plane of V bt versus µ B , with λ Q is related to the mass matrices of exotic quarks. Through scanning the contour plot of λ Q versus λ u in Fig.9 with the values of parameters are same as above in table 1, we find that the most mass values of exotic quarks are less then 1000 GeV, when λ Q in the region 0 ∼ 1 and λ u in the region 0 ∼ 0.8. Considering the experiment about LHC, one can generate this particle.
Here, we consider m In fig.11 we show the results of the A BU and A BQ values by changing the mass of the exotic and λ Q = 0.7. In this way, we can achieve a exotic +2/3 squark mass less then 1000 GeV for the region when A BU is almost over 5000 GeV and A BQ is almost over 12000 GeV. can intuitively obtain the parameter space for mass limits of baryon neutrilinos, charginos, exotic quarks and squarks, and so on.
